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Flexural bearing capacity of T-shaped joints in GFRP transmission towers
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Abstract: The integrally formed glass fiber reinforced polymer (GFRP) connection is the key structural component
of the transmission tower's GFRP line-suspension module, requiring investigation into its capacities. Initially, two
typical connections were examined experimentally, yielding mechanical properties including load-displacement
curves and failure modes. Subsequently, a finite element model based on progressive damage evolution was
established. Using the experimentally validated model, sensitivity analyses on the flexural capacity in relation to
parameters such as the ratio of tensile strength Y, in the direction of the fiber to shear strength S;, the ratio of main
tube diameter D to thickness T, the connection beam width B, and thickness w were conducted. Based on Hashin's
failure criterion and regression analysis, an approximating equation for the connection's flexural capacity was
derived, followed by a reliability analysis. The results indicate a good consistency between the experimental and the
finite element analysis (FEA) results. The primary failure mode is the tension fracture of the matrix of the GFRP
main tube near the connection. With increasing Y;/S;, the location of failure moves from the connection to the
middle of the main tube gradually, showing a corresponding decrease in load-bearing capacity. The mean value and
the coefficient of variation of the ratio of approximated capacity to FEA result are 1.032 and 6.80% respectively, and

the flexural capacity derived for design has an assurance rate of 99.9%.
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Fig.3 Configuration and geometrical parameters of GFRP connection
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Table1l Geometrical parameters of GFRP connection specimens

Specimen number d/mm D/mm T/mm L/mm B/mm w/mm L;/mm
J-190-4-400-75 190 198 4 2200 400 75 1000
J-190-4-300-75 190 198 4 2200 300 75 1000
J-172-14-400-75 172 198 14 2200 400 75 1000
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(a) Geometrical dimensions and layout of measuring points

D1-D5—Displacement transducers; H—Thickness of strengthen part; I—Length of strengthened part of pipe's end; L,—
Distance from D1 to top of main pipe

top of main pipe; L;—

(b) Specimen under loading

Distance from loading point to

4 R

Fig.4 Experimental setup
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%2 GFRP NFSH™ 140 Test, J-190-4-400-75
—e— Test, J-190-4-400-
Table2 Mechanical parameters of GFRP™! 120 | —*— FEA, J-190-4-400-75
Parameters Value Test, J-190-4-300-75
—o— FEA, J-190-4-300-75
E,./MPa 49 760 100
E,/MPa 12 970
Valc 0.28 E
Go/MPa 3220 =
G3/MPa 3220
G,3/MPa 3220
X,/MPa 964.25
Y,/MPa 53.12
X,/MPa 617.16
Y,/MPa 103.83
S./MPa 34.71 20
S/MPa 34.71
Geg/(N-mm™) 45 FEA—TFinite element analysis
G e/ (N-mm ") 40 6 GERP §fiiss T IS AP TRS (4)-HFk (F) ik
G, N-mm™
GCImt//((N mm 71)) 0.165 Fig. 6 Displacement (4)-load (F) curves of specimens of T-shaped GFRP
c,mc ‘mm 0.800

Notes: E;,, E,.—Young's modulus in the direction parallel and
perpendicular to fiber respectively, while under compression;
vy .—Poisson's ratio while under the compression in the
direction parallel to fiber; G—Shear modulus with subscripts 1,
2 and 3 defining the directions parallel to fiber, perpendicular to
fiber, and the direction perpendicular to the plane by directions
1and 2; X,, X,.—Tension and compression strength respectively
in the direction parallel to fiber; Y, Y.—Tension and
compression strength in the direction perpendicular to fiber; S,,
S;—Shear strength in the lateral and longitudinal directions
respectively; G.—Fracture toughness with subscripts ft, fc, mt
and mc defining fiber in tension, fiber in compression, matrix in
tension and matrix in compression respectively.
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(b) Specimen J-190-4-300-75
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Fig.7 Bending moment (M)-rotational angle () and M-radial
deformation (6) curves of T-shaped GFRP transmission

tower joint specimens
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Left view
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Fig.8 Failure modes of specimens of T-shaped GFRP transmission
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tower joint
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(a) Specimen J-190-4-300-75
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Fig.9 Matrix-tension damage of specimens of T-shaped GFRP

(b) Specimen J-190-4-400-75

transmission tower joint
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(b) Specimen J-190-4-400-75
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Fig. 10 Von Mises's stress contour maps of specimens of T-shaped GFRP

transmission tower joint under failure load
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(a) Fiber compression (FC) (b) Fiber tension (FT)

A__1

(¢) Matrix compression (MC) (d) Matrix tension (MT)

E11 PR GERP frids T J2 35 iR 1-190-4-400-75 K
PAL X I,

Fig. 11 Failure region of specimen J-190-4-400-75 of T-shaped GFRP

transmission tower joint under ultimate load
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Fig. 12 Stress contour maps of specimen J-190-4-400-75 of T-shaped

(c) Shear stress S,,/MPa

GFRP transmission tower joint under ultimate load
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Table 3 Material parameters used for parametric sensitivity analysis of T-shaped GFRP transmission tower joints

X./MPa Y,/MPa X./MPa Y./MPa S./MPa S./MPa
650, 750, 850, 964.25, 30, 40, 50, 53.12, 300, 400, 500, 617.16, 60, 70, 80, 103.83, 20, 25, 30, 34.71, 10, 20, 26, 34.71,
1050, 1 150, 1 250 60, 70, 100 700, 800, 900 120, 140, 160 40, 45, 50 45,53, 63
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Fig. 13 Variation of capacity of T-shaped GFRP transmission tower joint with material parameters
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Table4 Material strength ratios for specimen J-190-4-400-
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Fig.14 Variation of nondimensional bending moment M; of T-shaped

GFRP transmission tower joint with the ratio of tension strength of matrix

Y, to longitudinal strength S
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Table5 Geometry parameters for parametric sensitivity analysis of T-shaped GFRP transmission tower joint

D/mm T/mm B/mm

w/mm

200 14,7, 4

200, 250, 300, 350, 400

40, 50, 60, 70, 76
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Fig. 16 Bending moment M of T-shaped GFRP transmission tower joint

varies with the diameter to thickness ratio-related parameter y
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Table 6 Parameters related to reliability analysis
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Notes:  kgn, kgoo—Coefficients related to reliability;
&—Correction factor; V; —Coefficient of variation (COV) of error

term 7; n—Reduction factor.
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